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1. INTRODUCTION
The dynamically developing concept of smart city is
seen as an opportunity to increase the efficiency of city
management and to benefit from its resources, to
ensure its sustainable development, to improve the
quality of life of residents by providing better quality
city services to residents, and thus to increase the com-
petitiveness of the city [5]. In this concept, the city is
defined as an ecosystem of smart solutions which is
being developed, among others, owing to conscious and
committed residents, to whom the city offers an oppor-
tunity for personal and professional development, and
who, with their initiative and commitment, work for the
benefit of local communities. The integrated activities
comprise six areas indicated in the literature: smart
economy, smart environment, smart governance, smart
life, smart mobility, smart people [9].
Looking at contemporary challenges in urban devel-
opment, it is hardly possible not to refer to such an
important process as ageing population, which deter-
mines changes in the areas of economy, as well as
social and spatial development. The revival of urban
areas must take into account, inter alia, a growing
number of people with functional limitations, and fol-
lowing it changes of the concepts of housing forms,
increased demand and availability of health and social
care, creating conditions for social activity of the
elderly. The realization of the paradigms of contem-
porary senior policy necessitates that the elderly are
treated as a group of people engaged in the life of
intergenerational urban communities.
The aim of the paper is to indicate undertaken activi-
ties and research that serve the strategy of age- friend-
ly cities, using the potential of modern ICT technolo-
gy. We also have to adopt a perspective in the paper
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that the older generation is not just a group at risk of
social exclusion, a group of consumers and recipients
of benefits. It is also a group with intellectual poten-
tial and experience, socially important, generating
the development of structures and networks, prod-
ucts and services within the realm of the silver econ-
omy [16], and thus affecting the competitiveness of
cities. Such a perspective has allowed us to generate
many innovative products and services that measur-
ably improve the quality of life of the elderly. We can
mention here innovative forms of housing (including
assisted apartments and technologies fostering the
independence of the elderly), technologies in the
field of health and social care, and a whole range of
everyday products that compensate for functional
disorders typical of old age. The concept of imple-
menting smart city solutions into the strategies of
urban senior policies has been indisputably acknowl-
edged on a global scale, and thus the key question is
in which areas can smart city solutions support the
realization of the postulates of age friendly city?
2. AGE-FRIENDLY CITY AND SMART
CITY: ITS CONCEPT FOR ACCESSIBI-
ITY
A part of the strategy guaranteeing a harmonious
development of all age groups is unambiguous with
undertaking tasks aiming to alleviate the effects of
the ageing process [11]. On the one hand, it is a
response to social challenges, on the other hand –
when comparing these age-friendly solutions with the
concepts of sustainable development – we can see
that it involves building accessibility and quality of
the urban environment for all its inhabitants. Such an
approach to define an ageing-friendly city has been
adopted by the World Health Organization [35].
In turn, Cohen and Giffinger define smart city as
“a well-functioning future-oriented city created by six
areas (mentioned above) and based on the active
involvement of conscious, independent and self-deter-
mined citizens” [10]. However, the definitions of smart
city have been constantly evolving and are formulated
in a variety of ways, progressively with the knowledge
built on the experience of successive generations of
smart city. Cities are also becoming “living labs” [29],
e.g. by taking advantage of technology used to engage
citizens in the co-creation process of cites [10]. The
multidimensional character of the smart city concept
has been summarized by Ojo A., Curry E., Janowski T.,
who point out that modern definitions of smart city
revolve around the following concepts [20]:
• conceptualization of the nature of smart city as a
form of urban innovations or a city with develop-
ment perspectives in the field of economy, social
policy, management, mobility, environment and
lifestyle,
• the essence and significance of smart city – as bridg-
ing digital divide, lifelong learning, social inclusion
and economic development, aimed at improving
the quality of life, or also as innovative socio-tech-
nical and socio-economic growth of a city,
• attitude to the process in smart city – investment in
social and human capital and investment in tradi-
tional (transport) & modern (ICT) communication
infrastructure.
The modern interpretation of smart city and its
accessibility, often referred to as Inclusive design, in
meaning that modern ICT technologies can support
people at risk of exclusion and facilitate their active
participation in social life (especially Internet of
Things infrastructure, recognized as the most effec-
tive activator supporting active and healthy life). So
far – few scientific studies cover the links between the
concept of age-friendly city and the idea of smart city,
which prompted the Author to take up this topic.
A perspective of looking at the role of the elderly in
society in age-friendly city was also adopted in the
concept of “smart ageing”, defined as “using technol-
ogy, innovation and design in both public and private
sectors to produce products, services, solutions and
systems to improve the quality of life”, among others
in the field of assisted living [11]. The experience col-
lected by the network of Age-Friendly Cities in eight
activity areas of key importance for this program
allows us to define effective strategies [33, 35]. The
program also took into account the social aspects of
the seniors’ housing environment, expanding its scale
from the micro-environment of apartment to the
macro-environment of a district/neighborhood or city
(creation of age-friendly cities, liveable community
and lifetime neighborhood) [35]. It comprises e.g.
accessible housing and “walkable” neighborhood,
accessible public transport, readily-available infor-
mation, also through the internet and supplemented
by other means. A lot of experience gathered by cities
involved in the realization of this program such as
Barcelona, London or Vienna have already become
flagship solutions, integrating the ageing aspect into
the city's development strategy. In terms of searching
for spatial and functional solutions friendly to the
elderly, the emphasis was placed on the aspect of
environmental dependencies between the user and
the surrounding (user-centered design) [6, 15, 17, 34].
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The guideline adopted in the search was the compe-
tence of older people to interact with the environ-
ment and the concept of universal design (also as
inclusive design).
3. METHODOLOGY
In the study a systematic literature review was carried
out, in line with the guidelines for the realization of
that type of literature review [22, 24] and a research
plan consisting of several stages was adopted. In the
first stage, research questions were formulated on the
basis of the existing knowledge:
– in what areas of spatial activity in cities can we
search for links combining the concept of smart city
and age-friendly city?
– what solutions in the scale of city, district, buildings
and apartments are being implemented by smart
cities to improve the quality of life of older resi-
dents?
The above questions clearly divide the scope of liter-
ature materials into research reports (of varying
research quality) and reports on the carried out struc-
tural and implementation activities, as a documented
record of gathered experience and its evaluation. To
develop the systematic review, we applied scientific
articles and project documents from the last five
years (2014 – November 2019), published in Polish
and English. To collect literature, the following data-
bases were used: Web of Science, Elsevier, Scopus,
Springer, Google Scholar and references found in
original data sources. The research was carried out in
October and November 2019. At the searching stage,
the following keywords were used: in the first stage of
searching – smart city, ageing society, age-friendly
city; in the next selection stage the following words
were added: elderly, quality of life, smart citizens,
ICT technology, Internet of Things (Fig. 1).
In the next stage, the strategy specifying how to
include literature materials for further research was
defined: first – based on the selection criteria, and
then – the selection of the collected material in terms
of quality of the presented research or problem
issues, in line with the criteria specified in the check-
list (Table 1). The following basic literature selection
criteria were applied:
• in the research results we indicated the use of ICT
as a support of system solutions in the smart city
that contribute to the quality of life of the elderly
(if the spatial solutions were not concerned),
• all publications focusing solely on the technological
side of the described solutions were rejected in
advance,
• the degree of impact of the applied solutions on the
functioning of an elderly person in space and in
social life was determined on different scale (solu-
tions on the scale of city, district and neighborhood
or a single apartment).
The selection of criteria for further evaluation was
prepared on the basis of earlier mapping review of lit-
erature, and the selected criteria are presented in
Table 1. The content of the publication was checked
by two researchers in terms of its ultimate inclusion
into further analyses (in terms of the scientific value
of publication), and in questionable cases it was con-
fronted with the opinion of a third researcher.
4. RESEARCH RESULTS INVOLVING
THE IMPACT OF ICT ON SPATIAL
SOLUTIONS FOR THE AGEING SOCI-
ETY
Indisputably, the idea to create a smart city repre-
sents a holistic approach to solving contemporary
problems and to developing a system which would
respond to the challenges of modern cities and the
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Figure 1.
Scheme of adopted research plan
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concept includes, among others, the context of sus-
tainable development, but it should be emphasized
that the sustainability of the smart city should be
measured by the supporting role of ICT, which means
that in order to solve urban problems, IT and tech-
nological solutions are applied as a communication
and involvement pathway of many groups of stake-
holders [10]. This also implies the need for cross-sec-
toral cooperation, educational activities, changes of
legal regulations and changes in the management of
data and technology.
The analysis of literature on the development of ICT
technologies supporting the elderly demonstrates
that over the last five years, the interest in the issues
involving the functioning of the 65-plus generation as
part of the smart cities has been gradually increasing.
However, the implemented solutions are not subject
to thorough evaluation, and there are still few publi-
cations in this area, and it especially applies to those
which directly involve spatial aspects. With respect to
the priority areas of activity in the age-friendly city
related to the quality of space, three basic areas of
ICT were distinguished for the purposes of the study
in terms of the quality of life of the elderly and their
equal participation in the development of a sustain-
able city:
•integrating role of ICT technologies in social partic-
ipation, enhancing social capital and Inclusive
Smart City,
•availability of health and social care as well as urban
services,
•promoting independence in housing environment.
4.1. Integrating role of ICT technologies in social
participation, enhancing social capital and Inclusive
Smart City
Integrating role of ICT technologies in social partici-
pation is the most comprehensive range of activities
and research works in studies analysed in review (10
records). When analyzing the development of urban
macro-environment, including districts, in the
process aiming to achieve ageing-friendly space, we
can observe that the participation of older people is
of key importance in this process. The completed
research studies and project initiatives with the par-
ticipation of the elderly in smart cities emphasize
their role in co-creating urban technologies, both as
recipients of solutions tailored to real needs, as well
as an experienced group providing knowledge about
local values and conditions. The above fits into the
concept of smart city development of the generation
3.0., and into the contemporary vision of conscious
and active residents. However, we must remember
that the importance of ICT technologies for a group
of older residents can go beyond the obvious measure
of their effectiveness. It was confirmed, among oth-
ers, by the research conducted by the team Righi,
Sayago, Blat on a designing process of services and
technology with the participation of the elderly in
Barcelona (a web-based community platform to offer
three types of services related to local activity and co-
creating scenarios in urban areas) [25]. First of all,
the neighborhood platform was initially a source of
information about the needs and interests of the
group members, but ultimately it became more
important as an impulse for new behaviors, establish-
ing wider contacts in the group, even without using
the platform's functionality. An important conclusion
of the research is also that in the activities for the
benefit of local communities with the participation of
the elderly, it is vital to include cross-age design –
treating the elderly as members of the community,
who pursue goals similar to those realized by other
age groups. Another, very interesting look at the
potential of modern technologies in the creation of
infrastructure, services, social networks as part of dis-
tricts as a “smart district” was presented by Schulz,
Arnold and Kirsch [27]. The scale of a district is indi-
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Table 1.
Checklist – evaluation criteria of publications
Assessment
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cated here as a proper area unit, within which the
elderly are provided with the access to basic services
and social contacts, and the elderly are a test group to
check the efficiency of the system. The research stud-
ies were carried out on a small scale, but they indicate
the role of interface accessibility for end users, the
importance of the participation of all stakeholders in
the creation of these solutions and, most importantly,
the fact that the integration of city services, as e.g. a
platform or smart district application not only inte-
grates residents but also shows them visibly individual
city services and enhances their availability (reduces
distances).
The use of ICT in the development of an ageing-
friendly city can be found in the literature more and
more frequently in terms of the concept of Inclusive
Smart City [21, 23]. The role of ICT in providing bet-
ter access to public spaces has been growing,
although the number of scientific reports referring
directly to the elderly in this respect is small. Such an
approach is presented, e.g. in the works of the inter-
national team for the project D4 Age-friendly
Buildings, Cities and Environments, implementing
projects as part of the network of European
Innovation Partnership on Active and Healthy
Ageing as the activity area of Inclusive Smart City . In
the work participated researchers, practitioners and
representatives of various and social organizations
from Belgium, Bulgaria, the Czech Republic,
Denmark, Finland, France, Germany, Greece,
Hungary, Ireland, Israel, Italy, the Netherlands,
Poland, Portugal, Romania, Slovakia, Spain,
Switzerland, Turkey, Great Britain. The realization of
digital-accessibility and the development of other
smart technologies in creating the accessibility of
space and that of public utility buildings (such as AXS
Map, Access earth, AccessNow, Wheelmap) is car-
ried out in cooperation with their potential users [3,
18], which is referred to as crowdsourcing. The
process comprises such aspects as exploring mobile
crowdsourcing of older citizens’ opinions on their
neighborhood to support decision-making process of
planning urban environments [32]. Such a model of
cooperation and social audits of space not only allows
for the provision and regular updating of data, but it
is also an education process of technologically
enabled community members (smart citizens) in the
field of the latest standards of accessibility [12]. One
of such examples is an Australian application that
allows auditing and reporting comments to local gov-
ernments, developed by the team of Thorne, Li,
Sivaraman and Bridge. The application clearly iden-
tifies four categories of spatial objects: spaces (build-
ings and parks), links (walkways and ramps), access
points (doors and gates) and services (park benches,
telephone booths and toilets). In addition, the appli-
cation allows for the geolocation of individual audits
[32]. The functionalities of this application also allow
to update photos of individual objects. Research
results address the effectiveness of this type of tools
at the level of technological efficiency [2], but there is
no assessment of the effectiveness of this tool in the
processes aiming to improve urban space.
Nevertheless, the realized research projects assign
ICT an active role as a source of information on how
space is used by people with disabilities and by the
elderly. It is also a method of diagnosing and moni-
toring urban space problems and fostering dialogue
between residents and local authorities.
4.2. Availability of various forms of healthcare
In the view of challenges brought about demograph-
ic changes, including the growing population of older
people, the demand for the availability and quality of
healthcare and care services is also increasing.
Appropriate spatial solutions can definitely raise the
efficiency of this system, but the opportunities that
ICT technologies bring along, combined, e.g. with
technological solutions, are a response to the growing
expectations of older people, including the need for
security in the housing environment. In general, to
implement the concept of a healthy housing environ-
ment, we need solutions which address physical
health, mental health, independent living, building
social capital and self-management [13]. The direc-
tions to be followed in the search for new solutions in
the healthcare sector include primarily comprehen-
sive support for the elderly (in-home monitoring,
assisted living) and providing access to medical staff
at different times of the day. New data collection
capabilities allow to undertake activities to protect
the elderly in their apartments: various wearable sen-
sors are factors to ensure the rise of control of an
elderly person in their living environment, and thus
they change the quality of the living environment,
introducing new functionalities thanks to ICT tech-
nologies.
As it was clarified on the basis of desk studies by
Song, (Song et al.), there are three ways in achieving
health and well-being in ageing populations: engag-
ing the elderly in healthy activities (prevention),
reducing the challenges in the environment and sup-
porting the daily health needs and medical care [31].
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they are becoming active participants not only in the
treatment process, but also in preventive measures
thanks to the growing pro-health education.
4.3. Promoting independence in housing environ-
ment, availability of care services
According to the AT&T report, ICT technologies are
of primary importance for the ageing population,
since they compensate for the dysfunctions of the
elderly, increase security, ensure the opportunity of
independent living, and provide cognitive assistance,
monitoring, and social communication [4]. Problem
areas in the field of technological support for the
elderly in the place of residence comprise the follow-
ing [26]:
• independence in the place of residence, preventing
the falling by physical training and exercises: e.g.
remote monitoring, smart bed, smart sofa,
• safety in the place of residence: safety systems and
alarms, home security systems, motion / movement
sensors,
• healthcare availability: safety bracelets, activity
wristbands, personal health monitors, daily medical
testing,
• preventing the decrease of cognitive performance
by personal brain training and reminders, e.g. exer-
cise and memory games,
• preventing social isolation by encouraging users to
establish and maintain active social relations: social
robots, devices and applications enabling contact
with the loved ones,
• support in the field of instrumental activities of
daily living (IADL): domestic / services robots (i.e.
cooking, cleaning, bathing),
• support in the form of informal care, e.g. family
caregiving and contact, daily function assistant,
• 24-hour home care – monitoring detection and
intervention.
The mainstream research most frequently represent-
ed in the literature, involving the role of ICT in com-
pensating for the dysfunctions of the elderly and
improving their relationship with the housing envi-
ronment, focuses on developing solutions in the field
of Internet of Things (IoT) infrastructure. This infra-
structure is recognized as the most effective activator
among technological solutions that can support
active and healthy life. In the home environment, it is
a monitoring and intervention system for early detec-
tion of changes in the psychophysical condition of the
elderly [1, 19, 28]. Among geriatric factors pointed
out in the research of the international research team
of the City4Age project, the following areas were
indicated as the ones which are predisposed to mon-
itor the areas of daily activity of seniors: motility,
activities of daily living (ADL), instrumental activi-
ties of daily living (IADL), socialization, cultural
engagement, quality of housing and neighborhood,
physical aspects of health, cognitive ability [19] (i.e.
project DALIA or GIRAFF+ system of a network of
home sensors and a mobile communication platform)
[30]. At the same time, these are the factors whose
impact should be taken into account.
Numerous forms of AT (Assistive Technologies) and
AAL (Ambient Assistive Living) solutions are used to
enhance comfort and safety, improve integration and
independence of the elderly in the housing environ-
ment [8, 30]. IoT services are used for early detection
and prevention of cognitive performance decrease
and in the cases of falling of the elderly [11]. It is
becoming a new platform of assessment of the hous-
ing environment, It is important mainly for the per-
sonalization of health and care services as well as for
prevention [1]. The basic indicators of daily activity,
whose monitoring is used in IoT in the housing micro-
environment are as follows: number of steps, distance
covered, and walking average speed, type of POI
(points of interest), number of visit per POI, visit
duration, number of trips, used bus lines, distance,
and time per trip [1]. At the same time, ICT has an
impact on the quality of the housing environment, due
to support social interaction and fitness activities.
Thanks to this, ICT also extend its functionality [30].
A research project worth mentioning, which address-
es the above issues is the project ACTIVAGE, a
Large Scale Pilot project, focused on IoT as a key
enabler for the successful deployment of Smart
Living solutions that positively affect active and
healthy ageing. The developed solutions comprised
services whereof objectives are as follows: 1) to pre-
vent the decrease of cognitive performance by per-
sonal brain training and reminders, 2) to prevent the
falling by physical training and exercises and 3) to
prevent the social isolation by encouraging users to
establish and maintain active social interactions
through mobility [11].
5. DISCUSSION OF RESULTS
The main conclusion from the conducted research,
with the use of the indicated method is the fact that
smart ageing is an evidently promising research topic,
but there are no systematic analyses involving the
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subject of ICT in the context of ageing. This is both a
conclusion from the Author’s research and the only
cross-sectional study conducted by Song, Song et al.
[31]. This is a synthesis of extensive research in this
field and it indicates three main directions of further
development of smart ageing: technologies, ageing
medical care, behavior and social issues. The advan-
tage of this study is an extensive analysis of publica-
tions on websites, moreover, also website analysis of
4500 organizations funded by National Institutes of
Health.
In the found literature sources, there are, in princi-
ple, no spatial or planning issues, except for studies
that involve the applications that identify spatial bar-
riers in terms of user’s needs. Moreover, in some pro-
jects the most needed components of ICT for the
elderly’s comfort was defined accordingly to the indi-
cated needs and then co-created tools were created.
For example, in the multi-center project The
Activage the Internet of Things paradigm was indi-
cated as important factor in deploying the most opti-
mal solutions for the elderly. The conducted desk
studies allowed to identify several basic areas of
activity in which modern ICT technologies can mea-
surably improve the quality of life of the elderly:
• independent living (investigated in 11 studies),
• cognitive decrease prevention (investigated in 4
studies),
• falls prevention in housing environment (investi-
gated in 8 studies),
• prevention of social isolation (investigated in 11
studies),
• monitoring outdoor activity (investigated in 7 stud-
ies).
In the spatial dimension – they support the accessi-
bility and functionality of the housing environment or
social spaces, but when we assess the impact of ICT
on the changes in spatial solutions, we can state that
the impact is indirect. The largest part of research
and project activities involves the use of the Internet
of Things infrastructure in the field of healthcare and
for care services as well as for the maintenance of
social contacts. The limitation of the research work
was that active and healthy seniors were the sample,
however, most participants were in age of 80. and
more (i.e. in work of Abril‑Jiménez et al. [1], Schulz,
Arnold et al. [27]). Further studies for the oldest
group with functional disability in activities of daily
living are needed, especially for early detection of
events that could impact negatively in physical and
cognitive status of older citizens. The optimal models
of interaction should be defined according to the type
of disability.
IoT extends the functionality of space at various
scales, becoming in this way an additional dimension
of its accessibility. At the same time, it is a conclusion
involving the methods of space assessment in terms
of its availability – the use of ICT technology should
be one of the criteria for its assessment. With respect
to the impact of smart solutions on the quality of life
of seniors, a significant number of literature sources
are focused on the issues related to the barriers in the
use of ICT by the elderly, due to the limitations of
functional and cognitive abilities.
6. SUMMARY
Indisputably, the concept of Smart City offers the
elderly residents many options to compensate for
psychophysical dysfunctions and related with them
limitations in social life. Looking at this issue in terms
of city scale, from the perspective of equalizing the
capability and standard of living of all social groups –
it largely involves the infrastructure and solutions
enhancing the availability of urban services and
strengthening social contacts in the housing environ-
ment. On the other hand, taking into account the het-
erogeneity of the group of the elderly, the ICT tech-
nologies offer an opportunity to personalize such ser-
vices. The currently popular concept of 'smart ageing'
is a step towards the promotion of the well-being of
ageing population by using technology focusing on
assistive and medical technology. In the realm of
physical environment, such solutions do not have a
direct impact, but looking at this issue from the per-
spective of behavioural quality – they create a new
dimension of accessibility and quality of space.
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